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We present new data on the mass of the light and strange quarks from SESAM/TxL. The results were obtained 
on lattice- volumes of 16 3 x 32 and 24 3 x 40 points, with the possibility to investigate finite-size effects. Since the 
SESAM/TxL ensembles at j3 = 5.6 have been complemented by configurations with (5 — 5.5, moreover, we are 
now able to attempt the continuum extrapolation (CE) of the quark masses with standard Wilson fermions. 



1. Introduction 

The precise determination of light quark 
masses, m, from full QCD simulations is of con- 
siderable interest since the lattice provides the 
only known access to their absolute scale. 

We have pointed out some time ago [Q that 
vacuum polarization effects have sizeable impact 
on extracting m from the empirical m v /m p ra- 
tio. This became manifest in a substantial am- 
biguity in the determination of m from the vec- 
tor Ward identities. Indeed, there is a freedom 
of chiral extrapolation (xE) on the lattice: at 
P = 5.6. e.g., the extrapolation along the line 
of equal valence and sea quark hopping parame- 
ters, K val — K sea (direct extrapolation), yields a 
value for m = m u / d which is roughly a factor of 
two below the result from a semi-quenched, two- 
step extrapolation procedure. In the latter one 
first determines the values of n^ al = n^ al (K sea ) 
for each ensemble with fixed value of K sea (simi- 
lar to quenched simulations). For each n^ al (K sea ) 

m^(ft sea ) is computed and, subsequently, this 
function is extrapolated to the physical point 

K sea _ K sea ^ ^ |_ n j g gj ven va l ue f fj . 

Furthermore it has been shown by CP-PACS 
that the ambiguity seen at finite a goes away after 
CE li). CP-PACS has used an improved action 
that allowed them to go to rather coarse lattices, 
providing them with a long lever arm for the var- 
ious CE. In the present context, their lever arm 
turned out to be of little value, however, since 



the extrapolation with a linear CE led them to 
a very poor x 2 with such an ansatz, invalidating 
the small error on their value of m. 

Given this situation we are motivated to re- 
sume the question with the standard Wilson 
fcrmionic action and attempt a scaling analysis, 
by complementing previous SESAM/TxL data 
with another set of vacuum configurations at 
f3 = 5.5, as specified in table [l]. 

2. The light quark mass m 

The determination of light quark masses can 
be sketched by the following steps: 

(a) Fix k c from the %E of am 2 PS — > 0; 

(b) Get ki from — » ^ using the xE of amy; 

(c) Determine a -1 via r$ ~ 0.5 fm; 

(d) Compute the quark mass in the lattice- 
scheme: 



m (a) = a 
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(e) Convert into MS-scheme using 



m MS (^= 1 1 a) 



-lat 



(a); 



(1) 



(2) 



*Talk presented by N. Eicker. 



(f) Rescale the quark mass to [i = 2 GeV; 

(g) Extrapolate a — > 0. 

Zm within this work was determined using a 
tadpole improved perturbative procedure || . 

In the case of the above-quoted semi-quenched 
%E procedure the results for m MS (2 GeV) have 
to be extrapolated to the physical mass of the 
sea quarks before sending a — > 0. 
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Table 1 

Simulation parameters, a- values in 2nd column hold at k/. (ampsN s 
from 0, for (3 = 5.5 using the same approach. 
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Figure 1. Light quark mass at (3 — 5.5 in the 
MS-scheme at fi = 2 GeV. Square-symbol from 
direct, circles from semi-quenched extrapolation. 



In order to achieve appropriate statistical er- 
rors throughout this analysis one has to take 
into account the correlation between the observ- 
ables. These correlations occur especially within 
the semi-quenched analysis, since all observables 
inside a %E are determined on the same set of con- 
figurations. Therefore all errors are determined 
using the jackknife procedure within all steps (a) 
to (g) sketched above. 

Fig. H shows the results for rn in the MS-scheme 
for f3 = 5.6 versus n sea . Obviously the semi- 
quenched values for k = 0.1575 on the small lat- 
tice and for k — 0.158 on the larger lattice de- 
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Figure 2. Same as in Fig. | but for (3= 5.6. Data 
with open symbols from larger lattices. 



viate from the general behavior of the data. A 
more detailed investigation shows that this is due 
to finite-size effects. Hence these two points are 
neglected in the extrapolation to the physical sea 
quark mass. Furthermore we reconfirm the above 
mentioned discrepancy between the results for the 
semi-quenched and the direct extrapolations. 

Fig. displays the corresponding results for 
(3 — 5.5. Here the value for k — 0.160 clearly 
shows finite-size effects and is hence discarded. 

Fig. H presents the CE a — > 0, with a as ob- 
tained from ro at k;. The continuum value for 
the light quark mass is determined using a con- 
strained fit to the semi-quenched and direct val- 
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Figure 3. Extrapolating m in a — > 0. 

ues at two lattice constants each. The fit is also 
shown in the figure. 

As a final result for the light quark mass we get 



-MS 



(2 GeV) = 4.5(1.7) MeV. 



(3) 



Within the bigger errors of our analysis, this 
number is in good agreement with the result 
quoted by CP-PACS @. 

3. The strange quark mass m s 

In contrast to the light quark mass there is no 
reasonable way to carry out a direct %E for the 
mass of the strange quark. This is due to the fact 
that directly extrapolated results would describe 
mesons with strange valence quarks within a sea 
of strange sea quarks. Indeed, nature is given by 
a sea of light sea quarks and therefore only the 
semi-quenched %E makes sense. 

On the other hand there are several ways to de- 
termine k s , the hopping-parameter corresponding 
to the mass of the strange quark. In this analysis 
we investigated three different inputs: ^^f- 
and 2*=-. 

nip 

From a semi-quenched analysis of m s , one ob- 
tains the results displayed in Fig. |5| The data 
clearly show deviations for the different defini- 
tions of the quark mass which are expected to 
disappear in the continuum. Hence again a con- 
strained fit was done for the CE. 

The result of this fit for the mass of the strange 
quark is 
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Figure 4. Extrapolating m s in a 
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Obviously the strange quark mass needs all the 
more a larger range of a- values for a safe CE. 

4. Conclusions 

We conclude that (?) statistical errors of 5 to 
10 % can be achieved before CE, (ii) with ad- 
ditional simulations at smaller /3, a reliable re- 
determination with 10 % accuracy is within reach. 
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